Photo-chemical-transformations of organophosphate pesticides, chlorpyrifos, dimethoate and phorate, using advanced oxidation processes (AOPs) namely UV photolysis, UV/H 2 O 2 , UV/Fenton and Fenton systems in aqueous solution were investigated in this work. A laboratory set-up was designed to evaluate and select the optimal oxidation process. Results show that addition of hydrogen peroxide/Fenton's reagent increased the UV degradation rates of all pesticides, and data were simulated through kinetic modeling. Kinetic results evidence pseudo first-order degradation, with the rate constant of reaction as 3.3 × 10 -4 , 2.07 × 10 -2 and 1. 
INTRODUCTION
Among the multiple factors responsible for the significantly higher observed prevalence of cancer cases in Punjab were the presence of phorate in drinking water and vegetables in regions of Punjab, India (Thakur et al. ) . A prospective study of a cohort evaluating the incidence of cancer among pesticide applicators in an agricultural health study, in the USA, suggested the incidence of lung cancer was statistically significantly associated with chlorpyrifos lifetime exposure (Lee et al. ) . A study investigating the cytotoxic effects of dimethoate in human peripheral blood lymphocytes reported that dimethoate caused a significant increase in malondialdehyde levels, a significant decrease in thiol levels, as well as a significant increase in superoxide dismutase, and catalase activities in lymphocytes at different concentrations (Gargouri et al. ) .
Therefore, it is important to explore a practical approach to eliminate these pesticide pollutants. Various technologies have been proposed for the removal of pesticides from water. Conventional techniques, such as physical methods of mass transfer (flocculation, filtration, precipitation, adsorption onto active charcoal, etc.), incineration, or the biological pathway, are either ineffective in the face of the extent of this pollution, result in crippling costs, or are a source of secondary pollution (sludge formation); hence there is a need to seek better alternatives (Youssef et al. ) . Organic compounds can be removed from polluted water by conventional treatment methods or alternative destruction processes, e.g. advanced oxidation processes (AOPs) (Ismail et al. ) 
To evaluate the application of AOPs it is necessary to obtain fundamental data on degradation and formation of reaction end products. was reconstituted to 1 mL by n-hexane, and 1 μL of the aliquot was analyzed by GC-ECD (gas chromatographyelectron capture detector) and GC-MS (gas chromatography--mass spectroscopy).
Analytical methodology

GC system and conditions
The pesticide residues were analyzed by GC using a PerkinElmer Autosystem XL gas chromatograph, equipped with an ECD and Turbochrom software (Clarus 500). The analysis was conducted on a fused silica capillary column of 30 m length, 0.32 mm id., and 0.25 μm film thickness. Nitrogen was used as the carrier gas and makeup gas, and the injection technique was in the split mode with a 3:1 ratio. The oven temperature was programmed from an initial temperature of 150 W C (1 min hold) to 225 W C at a rate of 5 W C min
and was maintained at 225 W C for 10 min. Injector and detector temperatures were maintained at 220 W C and 270 W C, respectively. Nitrogen was used as a carrier at a flow rate of 0.87 mL/min. The peak was quantified by comparing the sample retention time value with those of the corresponding pure standard.
GC-MS analysis
A Varian Saturn 2200 gas chromatograph mass spectrometer was used for qualitative confirmation of pesticide and intermediates analysis. The injection port temperature was set at 250 W C, and a liner with a plug of glass wool was installed. (2) and (3)). In Fenton's system is more efficient for chlorpyrifos (50% degradation).
Determination of rate constant for studied OPPs
To evaluate the kinetics of photochemical degradation of the OPPs in aqueous solutions, experiments were conducted under the optimum operating conditions. The pseudo-first order kinetics can be represented by a simple expression as in Equation (4) 
where k is a pseudo-first-order rate constant, t is the irradiation time in minutes; C o is the initial concentration of the pollutant in aqueous solution and C is the residual concentration of the pollutant at time t. By plotting the equation, the rate constant (k) was determined from the slope of the straight line. The degradation followed pseudo-first order kinetics. Generally, first-order kinetics is 
Study of degradation products
The photolytic and photochemical degradation products of chlorpyrifos was studied using GC-MS. Degradation of chlorpyrifos by 30 minute exposure of UV produces Phosphorothioic acid, o (3,6 dichloro-2 pyridinyl), 7,9 di-tertbutyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione, 2 chloro In the experiment to measure the degradation products of dimethoate, it was observed that phosphorothioate or phosphorodithioate ester was formed in almost all the studied AOP techniques. It further shows that degradation takes place via dealkylation followed by hydrolysis to give monoand di-methyl phosphate, phosphorothioate and phosphorodithioate ester, which are ultimately degraded to phosphate. 
